C/N 2563 DARPA Approved Unlimited Distro

LAGR Mobile Platform: Software and Hardware

Tony Stentz & Herman Herman
National Robotics Engineering Consortium
Robotic Institute

Carnegie Mellon University



DARPA Mobile Platforms

LAGR/

HAGR UPI

PerceptOR LAGR Platform

UPI




DARPA PerceptOR Program
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Component Technologies

Decreasing hazard

detection fidelity
Perception

&\

Near range:
* reliable hazard detection
* out to braking distance

Proximal:

* body collision
* near tipover

« other boo boos

10 m
Decreasing vehicle

Mid range:

* heuristic guidance

 based on contextual information
* out to sensor range

modeling fidelity
Planning
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Mid range:

" Near range:
 kinematics (steer, body)
» dynamics (steer, brake, body)
« tire/soil interaction
« out to braking distance

body)

Sensor range

* kinematics (steer,

* possibly beyond

-
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Far range:

* kinematics (body)
* path metrics and
constraints

* out to way point



Geometric Perception

The “easy” 80% of perception is reasoning about rigid, large-scale
geometric shape.

Two primary geometric sensors:

Stereo
vision
cameras

Ladar




Ladar-Based Geometric Analysis

I pointcloud Viewer
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Ladar-Based Geometric Analysis

I pointcloud Viewer

Ragweed




Penetrability Analysis
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Obstacle classification due to geometry from ladar
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Stereo-Based Geometric Analysis




RANGER: Near Range Planning

Black = low cost
White = high cost
Pink = lethal cost

RANGER local navigator:

« steering dynamics

» speed adjustments

* body collision hazard

* tip over hazard

* high centering hazard

* discrete obstacle hazards



D*: Far Range Planning
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LAGR Software Architecture

Range and
Image and Navigation linfEtgfe G i
SCCHIEUCE Sansors
- e Perception
Local mobility
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odometry, and [N (el glf:)c;ala:ose
JHPEELE Sensors =

Steering, speed,
and reflex
commands

Vehicle

Controller



Control Loops

Range and
Image and Navigation linfEtgfe G i
SCCHIEUCE Sansors
- — Perception
Local mobility
cost map
GPS, IMU
3 y L I d
odometry, and [N (el glf:)c;ala:ose
JHPEELE Sensors =

Steering, speed,
and reflex
commands

Vehicle Primary navigation: 5 — 10 Hz cycle rate

Controller

Reflex protection: 20 - 50 Hz cycle rate



Autonomy Configurations
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Autonomy Configurations
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Image and

data

GPS, IMU,

odometry, and Pose

bump data

Operator Control & Data Logging
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Simulation Configuration

Vehicle/world simulator
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API Description

* Navigation sensors:
« Raw camera images
« Stereo range maps

- Pose sensors:
« Raw GPS, IMU, odometry, bump data
 Filtered local pose (all but GPS)
 Filtered global pose (all including GPS)

 Vehicle control:
* Turning curvature
« Speed (positive or negative)
* Reflex control

* Local cost map:
* Local cell cost data
* Local cell elevation data
* Fusion rule (max, min, avg)



OCS + Video Display
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